Nearly two thirds of US adults are overweight or obese, 1 and an estimated 17% of Americans will experience a clinically significant episode of major depression at some point in their lives.
Evidence suggests some overlap in these populations. Cross-sectional studies show significant correlations between obesity and depression in adolescents and adults, 3, 4 yet the issue of causal ordering (i.e., whether obesity fosters depression, depression fosters obesity, or both) remains unclear. Although obesity and depression are each recognized as serious public health problems, surprisingly little is known about the relationship between them. 3 We extended previous research by examining symptoms of depression and obesity as dynamic, interrelated trajectories and by determining whether the observed associations differ by gender, race/ethnicity, or socioeconomic status (SES). We considered bidirectionality in the association between symptoms of depression and obesity. We used latent growth curve modeling to determine whether trajectories of change in depressive symptomatology are associated with trajectories of change in body mass index (BMI) and waist circumference and whether sociodemographic characteristics influence the association between these trajectories.
TEMPORAL SEQUENCING
Research suggests that depression is associated with changes in appetite and physical activity that may lead to weight gain. Although depression is sometimes associated with decreased appetite and weight loss, in many cases it is associated with increased appetite and weight gain. 3 In addition, depression is associated with reduced physical activity, which may result in weight change. 5 Although it is plausible that depressive symptoms lead to weight changes, there is also reason to suspect that obesity leads to change in symptoms of depression. Evidence suggests that obesity is a highly stigmatized condition. 6 According to the reflected self-appraisal hypothesis, people who are overweight or obese are likely to internalize negative attitudes from society regarding their condition, which results in self-rejection and increased psychological distress. 7, 8 Most previous research on the association between obesity and depression used crosssectional data. Although longitudinal studies have become increasingly common, 9-11 only 2 studies have simultaneously examined pathways from depression to obesity and from obesity to depression, and these studies produced conflicting findings. In a nationally representative sample of adolescents in grades 7 through 12, Goodman and Whitaker 12 found that symptoms of depression predicted obesity 1 year later, whereas obesity at baseline did not predict symptoms of depression at follow-up. By contrast, a study using data from the Alameda County Study found that, for older adults, obesity at baseline was associated with an increased risk of major depression 5 years later but that baseline depression was not associated with an increased risk of obesity. 13 These studies included very different populations. Clearly, research is needed to establish the temporal sequencing of obesity and depression. We examined whether obesity predicts a change in psychological well-being or whether symptoms of depression predict changes in weight in a sample of young adults.
SOCIODEMOGRAPHIC MODERATORS
Several recent reviews have noted that there are likely multiple patterns of association between obesity and depression. 3, 4, 10, 14, 15 A number of potential moderators have been proposed, including gender, race/ethnicity, and SES, 15 as well as severity of depression, severity of obesity, and gene-environment interactions. 3 We focus on sociodemographic moderators (i.e., gender, race/ethnicity, and SES). We expect to find that the association between initial symptoms of depression and change in weight will be stronger in population groups that are more likely to experience increased appetite in conjunction with depressed mood. Evidence suggests that increased appetite is more common in depressed women than in depressed men 16 and in depressed Blacks than in depressed Whites. 17 Because they tend to have access to fewer Objectives. We investigated whether, over time, baseline obesity is associated with change in depressive symptoms or if baseline symptoms of depression are associated with change in body mass index (BMI) and waist circumference.
Methods. We used latent growth curve modeling to examine data from years 5, 10, 15, and 20 of the Coronary Artery Risk Development in Young Adults study (n = 4643). We assessed depressive symptomatology with the Center for Epidemiological Studies Depression scale.
Results. Respondents who started out with higher levels of depressive symptoms experienced a faster rate of increase in BMI (for Whites only) and waist circumference (for Blacks and Whites) over time than did those who reported fewer symptoms of depression in year 5. Initial BMI and waist circumference did not influence the rate of change in symptoms of depression over time.
Conclusions. Depressive symptomatology likely plays a role in the development of physical health problems, such as cardiovascular disease, through its association with increases in relative weight and abdominal obesity over time. stress-buffering resources, members of socially disadvantaged groups, including women, racial/ ethnic minorities, and those with less education, may be more likely to engage in comfort eating behavior to reduce symptoms of distress. 18, 19 In addition, we expect to find that the association between initial weight and change in depressive symptomatology is stronger in population groups in which obesity is most stigmatized, including women, 20 Whites, 21 and those of higher SES. 22 Previous studies have demonstrated that the association between symptoms of depression and obesity depends on gender, race/ethnicity, and SES, although not all studies have found evidence of moderation. 23 In general, studies examining gender differences have found a positive association between relative weight and depression among adolescent girls and adult women [24] [25] [26] [27] [28] [29] [30] [31] [32] and either no association or an inverse association among boys and men. [24] [25] [26] [27] [28] 33, 34 Few studies have examined racial/ethnic or socioeconomic differences in the obesity-depression association. Although most studies report no significant differences between racial/ethnic groups, 24, 28 one recent study found that overweight or obese Hispanic women were more likely than were overweight or obese White or Black women to have experienced depressed mood in the past month. 29 In another study, no association was found between relative weight and self-esteem among Black women, and it was concluded that overweight may be less distressing for Blacks than for Whites. 35 Regarding SES, in one population-based study a positive association was found between degree of overweight and symptoms of depression among better educated women and men but not among those with less education. 7 Finally, Moore et al. 36 found that the association between obesity and depression did not depend on SES among men but that being obese was associated with higher levels of depression for high SES women and lower levels of depression for low SES women. Based on our review of the literature, we proposed the following hypotheses: (1) in general, greater depressive symptomatology at baseline would be related to an increase in BMI and waist circumference over time; (2) greater depressive symptomatology at baseline would be more strongly related to increases in BMI and waist circumference over time for women than for men, for Blacks than for Whites (controlling for SES), and for those with lower versus higher SES (controlling for race/ ethnicity); (3) in general, higher BMI and greater waist circumference at baseline would be related to increases in symptoms of depression over time; and (4) higher BMI and greater waist circumference at baseline would be more strongly related to increases in symptoms of depression over time for women than for men, for Whites than for Blacks (controlling for SES), and for those with higher versus lower SES (controlling for race/ethnicity).
METHODS
We used data from the Coronary Artery Risk Development in Young Adults (CARDIA) study. CARDIA is a longitudinal study of a biracial (Black and White) cohort of 5115 women and men aged 18 to 30 years at their initial in-person examination, which occurred sometime in either 1985 or 1986. The study was designed to provide approximately equal representation across groups by age, gender, race/ ethnicity, and education. Respondents were recruited from Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California. Community-based sampling was performed in Birmingham, Chicago, and Minneapolis. In Oakland, respondents were sampled from the total Kaiser Permanente health plan membership. In-person follow-up examinations were completed 2, 5, 7, 10, 15, and 20 years after the initial examination. Data were from years 5, 10, 15, and 20-the years in which respondents were asked to report symptoms of depression. We excluded 448 respondents who were missing information on 1 or more key study variable (i.e., symptoms of depression, BMI, or waist circumference) at all years examined, and 24 respondents who were pregnant during 1 or more of the exams. The final sample included 4643 respondents.
Measures
We assessed depressive symptomatology in years 5, 10, 15, and 20 with the Center for Epidemiological Studies Depression scale. 37 The scale is a widely used and validated measure of depressive symptoms. We asked respondents to report how often they experienced each of 20 symptoms within the past week Weight was measured and recorded to the nearest one half pound; height was measured and recorded to the nearest one half centimeter. BMI was calculated as the ratio of weight to height squared (kg/cm 2 · 10 4 ). Waist circumference, a measure of central adiposity, was measured and recorded to the nearest one half centimeter.
Moderators included gender (1= woman, 0 = man), race/ethnicity (1= Black, 0 = White), and education at year 5 (1=12 years or fewer, 0 = more than 12 years). When examining the association between depressive symptomatology and obesity, it is important to control for sociodemographic characteristics and behavioral factors that are related to both constructs of interest. Thus, all models included controls for gender, race/ethnicity, education, and age (in years) at year 5 as well as for the number of cigarettes usually smoked per day and the number of alcoholic drinks (beer, wine, or liquor) typically consumed per week at years 5, 10, 15, and 20. Descriptive statistics for all study variables are shown in Table 1 .
Plan of Analysis
Latent growth curve analysis is a specific type of random coefficient model that is well suited to the study of individual differences in development and change over time. Based on the structural equation modeling framework, latent growth curve analysis uses repeated measures of a construct to estimate a single underlying growth trajectory. The trajectory is characterized by 2 unobserved latent factors, known as the intercept, or starting point, and the slope, or rate of change over time. 38 The first step in this analysis was to describe trajectories of depressive symptoms and obesity. We accomplished this by using measures at 4 time points (years 5, 10, 15, and 20) to estimate unconditional growth models for depressive symptomatology, BMI, and waist circumference. The factor loadings for the 4 timespecific measures of each construct were set to 1 to represent the starting point of each trajectory in year 1. The factor loadings for the slope of each trajectory were set to 0, 1, 2, and 3 to define the rate of change as linear. A quadratic term was also included to test for nonlinearity. The mean of the latent intercept factor provided the group average on the starting point for each trajectory, whereas the mean of the latent slope factor represented the average rate of change. Variances for the 2 latent growth factors described individual variation around the overall means for the intercepts and slopes of depressive symptomatology, BMI, and waist circumference. 38 Our goals were to examine reciprocal influence in the association between trajectories of depression and obesity and to determine whether this association varies according to gender, race/ethnicity, and education. We accomplished this with the use of parallel process growth models. First, we regressed the slope factor for each measure of obesity on the intercept factor for depressive symptomatology. Next, we regressed the slope factor for symptoms of depression on the intercept factors for BMI and waist circumference. This directly addressed the issue of bidirectionality by considering whether earlier levels of 1 construct (e.g., symptoms of depression) predict later developmental trajectories in the other construct (e.g., BMI). First, we performed these analyses for the full sample. Using multiple group analysis, we then performed the analyses separately for women and men; for Blacks and Whites; and for those with 12 or fewer years of education and those with more than 12 years of education. 39 To determine whether there was a statistically significant difference between groups in the effect of initial symptoms of depression on the rate of change in BMI, for example, we began by freely estimating the parameters within each group. We then reestimated the model, constraining the effect of the intercept of depression on the slope of BMI to be equal across groups. Next, we calculated the change in c 2 relative to the change in degrees of freedom to determine whether the constraint significantly improved model fit. We conducted all analyses in Mplus version 3 (Muthen and Muthen, Los Angeles, CA). We used an option that allows the analysis of data containing missing values as well as an option that controls for first-order autocorrelated residuals. 39 Table 2 presents results from the unconditional growth models for depressive symptomatology, BMI, and waist circumference. Overall, respondents experienced a decline in symptoms of depression across the transition from young adulthood to middle adulthood (mean of intercept =11.38; P < .001; mean of slope = -1.13; P < .001). By contrast, respondents experienced an increase in both BMI (mean of intercept = 26.14; P < .001; mean of slope =1.59; P < .001) and waist circumference (mean of intercept = 82.06; P < .001; mean of slope = 4.36; P < .001) over time. The significant positive quadratic term for depressive symptomatology (mean of intercept = 0.16; P < .001) suggests a leveling off of the decline in symptoms of depression over time, whereas the significant negative quadratic terms for BMI (mean of intercept = -0.14; P < .001) and waist circumference (mean of intercept = -0.30; P < .001) suggest a leveling off of the increase in relative weight and abdominal fat over time. Tables 3 and 4 present results from the parallel process models in which the slope factor of each process is regressed on the intercept factor of the other process. To account for nonlinearity in trajectories of depressive symptomatology, BMI, and waist Note. BMI = body mass index. The total sample was N = 4643. *P < .05; **P < .01; ***P < .001
RESULTS
circumference, we allowed some of the factor loadings for the slope of each trajectory to be free in the parallel process models. The first 2 time loadings were set to 0 and 1, and the remaining time loadings were free. Compared with the alternative approach of including a quadratic slope factor in these models, allowing the time loadings to be free has the advantage of using fewer degrees of freedom while still allowing for growth spurts.
40 Table 3 presents results of models in which the slope of BMI was regressed on the intercept of depressive symptomatology. These results demonstrate the circumstances under which baseline symptoms of depression were related to change in relative weight over time. For most groups examined, there was no association between initial level of depressive symptoms and the rate of change in BMI. As shown in Figure 1 , however, Whites who started out with higher levels of depressive symptoms experienced a faster rate of increase in BMI over time than did those who reported fewer symptoms of depression in year 5. There was no association between initial depressive symptoms and the rate of change in BMI among Blacks, and the difference between Blacks and Whites was statistically significant. Table 3 presents results of models in which the slope of depressive symptomatology was regressed on the intercept of BMI. These results demonstrate the circumstances under which relative weight at baseline was related to change in symptoms of depression over time. There are no groups for whom initial BMI was associated with change in depressive symptomatology. Table 4 presents the results of parallel process models for depressive symptomatology and waist circumference. In the full sample, those who initially reported more symptoms of depression experienced a faster rate of increase in waist circumference over time than did those who report fewer symptoms of depression in year 5 ( Figure 2 ). Among men, Whites, and those with more education, initial depressive symptomatology was associated with a faster rate of increase in waist circumference over time. Among women, Blacks, and those with less education, initial symptoms of depression were not associated with change in waist circumference over time. Chi-squared difference tests indicated that the observed differences between women and men, Blacks and Whites, and those with high and low education were not statistically significant. Table 4 presents results of models in which the slope of depressive symptomatology was regressed on the intercept of waist circumference. There are no groups for whom initial waist circumference was related to change in symptoms of depression over time.
DISCUSSION
Our first goal was to determine whether obesity is associated with changes in psychological well-being or whether symptoms of depression are associated with changes in BMI and ) that differ significantly across groups indicate significant changes in c 2 /df (P < .05). *P < .05; **P < .01; ***P < .001 Note. The total sample was N = 4643. Models controlled for age, gender, race/ethnicity, and education at year 5 and smoking and for alcohol use at years 5, 10, 15, and 20. *P < .05; **P < .01; ***P < .001
waist circumference. The findings suggest that baseline depressive symptomatology influences the rate of change in BMI among Whites and waist circumference among Blacks and Whites over time. Contrary to the reflected self-appraisal hypothesis, 7, 8 however, initial BMI and waist circumference do not influence the rate of change in symptoms of depression over time. These findings are consistent with previous research on adolescents 12 but are inconsistent with previous research on older adults. 13 These inconsistencies in the literature highlight the need for more research on the issue of temporal sequencing in the association between obesity and depression. Our second goal was to examine potential sociodemographic moderators of the association between symptoms of depression and obesity. For the sample as a whole, those who started out with higher levels of depressive symptomatology experienced a faster rate of increase in waist circumference over time. We hypothesized that members of socially disadvantaged groups-including women, racial/ ethnic minorities, and those with less education-would experience larger increases in waist circumference than would those with greater social status. Contrary to expectations, however, we found that the association between initial symptoms of depression and change in waist circumference did not significantly differ by gender, race/ethnicity, or education.
Although we did not find an association between initial depressive symptoms and change in BMI over time for the sample as a whole, we did find this association for 1 subgroup. Given the evidence that increased appetite is more common among depressed Blacks than it is among depressed Whites, 17 we expected to find that initial symptoms of depression would be more strongly related to increases in BMI over time for Blacks than it would be for Whites. Contrary to expectations, we found that, among Whites only, those who reported more symptoms of depression at baseline experienced a faster rate of increase in BMI over time than did those who initially reported fewer symptoms of depression. The discrepancy between the results of the current study and results of previous research may be owing to differences in the measurement of depression (a continuous measure of symptoms of depression vs a dichotomous measure of clinical depression). Future research should explore this possibility.
Measurement of Obesity
We found that trajectories of depressive symptomatology were related to trajectories of relative weight (as indicated by BMI) for Whites only. By contrast, we found that trajectories of depressive symptomatology were related to trajectories of waist circumference for the sample as a whole. Although we were not able to examine mechanisms underlying the observed association between depressive symptoms and waist circumference, chronic stress arousal, which is common in depression, is linked to endocrine and metabolic imbalances that promote abdominal fat storage. 41, 42 This may explain why there is more evidence for an association between initial depressive symptoms and changes in waist circumference, a measure of central adiposity, versus changes in BMI, a measure of relative weight.
Limitations and Directions for Future Research
This study has 2 main limitations. First, even though we use prospective longitudinal data, which help establish temporal order in the association between obesity and depression, we were unable to answer the question of true causality. Although it appears that poor psychological well-being leads to increases in BMI among Whites and waist circumference for Blacks and Whites over time, we cannot eliminate the possibility that the observed association is spurious (i.e., owing to some unobserved third variable).
Another limitation of this study is that it does not examine any potential mechanisms, or mediators, underlying the association between depressive symptoms and weight gain, which may help us understand why people who experience more symptoms of depression gain body mass and abdominal fat at a faster rate than do those who experience less psychological distress. Potential mediators include the use of antidepressants, which are known to cause weight gain, 43 as well as chronic stress arousal and changes in exercise and diet. The identification of mechanisms linking distress to weight gain would strengthen the claim of a causal relationship between these 2 serious public health problems and would aid in the development of intervention strategies to reduce weight gain in persons experiencing symptoms of depression. j
